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yet another step in the evolution of what might be
called the nouvelle health care for patients-and
others for that matter. It is becoming clear that both
the profession and the public are now coming to view
physicians and patients as more or less equal partners
in patient care.

This sharing of responsibility with patients should
improve results in patient care by improving communi-
cation and a patient's understanding of what needs to
be done and what may be expected. This is all to the
good. It is particularly likely to be true of better edu-
cated patients who genuinely wish to understand their
health problems and the purpose and use of the
medicines prescribed. But these are not all the patients
seen by physicians. One cannot help wondering if this
principle always holds true if a patient is apprehensive,
fearful, not well educated or perhaps even distrustful
of the whole health care system because of cultural
beliefs or some other reasons. This "nouvelle approach"
to health care, particularly when it bypasses the physi-
cian in the care of a patient, poses many challenges and
also provides many opportunities for conscientious and
caring physicians who strive to match the art and science
of medicine to the particular needs of each patient.
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Cardiotoxic Effects of Anthracyclines
ELSEWHERE IN THIS ISSUE, Saltiel and McGuire review
the topic of anthracycline cardiotoxicity, a new and
totally iatrogenic disease that has generated consider-
able interest in recent years. The reasons for this in-
terest are several and include (1) the perceived clinical
importance of anthracycline cardiotoxicity, a devastating
adverse effect of this most useful and promising class
of chemotherapeutic agents, (2) the unique quality of
cardiotoxic reaction as a side effect of a chemothera-
peutic agent and (3) the fascinating complexity of the
mechanism(s) of action of the anthracyclines. I will
discuss each of these features from my own point of
view, and comment on the positions outlined in the
review.
As discussed by Saltiel and McGuire, heart failure

from dose-related cardiomyopathy is the most clinically
important form of anthracycline cardiotoxic effect. This
diffuse form of biventricular heart muscle disease is
usually a devastating illness that, as first pointed out by
Benjamin,' is a disease worse than any form of cancer.
Almost every practicing oncologist has encountered
such a case, and this experience inculcates a healthy
respect for anthracycline cardiotoxicity. The imprint of
this experience is such that fear of anthracycline car-
diotoxicity may lead to underuse of doxorubicin (Adri-
amycin), the most important single chemotherapeutic
agent available to oncologists. Such concern, however,
need not limit the use of anthracyclines, any more than
fear of marrow suppression limits the use of anticancer
drugs. The idea is to learn as much about the problem
as possible, and use these drugs in such a way as to
minimize the risk of cardiotoxic reaction.

As outlined by Saltiel and McGuire, there are excel-
lent noninvasive and invasive methods for cardiac
monitoring during the administration of anthracyclines.
Our own recommendations on how to use them2-4 differ
somewhat from those of Saltiel and McGuire in that we
do not recommend cardiac monitoring of patients who
do not have "risk factors" of previous cardiac radiation,
age more than 70 years, previous anthracyclines to a
total dose of more than 450 mg per sq m or underlying
heart disease including a history of hypertension. In
nonrisk patients the extremely low incidence (less than
2% ) of heart failure does not justify the cost of cardiac
monitoring.3 For risk-factor patients we recommend
either serial radionuclide ejection fractions done at rest
and with exercise and with biopsy-catheterization evalu-
ation of abnormal values,2-4 or biopsy and catheterization
only.3 We3-5 and others6 have found that endomyocardial
biopsy with morphologic grading according to the Bill-
ingham method,3-6 combined with right heart catheter-
ization, is quite reliable in making dosing recommenda-
tions.

The second reason for widespread interest in this
subject is the uniqueness of anthracycline cardiotoxicity.
Although a few other chemotherapeutic agents have
shown "idiosyncratic" cardiotoxicity7'8 or cardiac tox-
icity at ultrahigh doses,9 no other class of agents causes
an inexorable dose-related cardiac toxic effect in the
manner of the anthracyclines. Sensitivity to the drug
varies among individual patients'0 or animals,1 12 but
in each subject a progressive amount of cardiac dam-
ages will develop as more drug is given.'0 From a car-
diologic standpoint, this process amounts to an ex-
tremely useful model of diffuse heart muscle disease,
as in a matter of months a cardiomyopathy is created
de novo.

Several aspects of this model of diffuse heart muscle
disease have practical significance. In patients with
cardiotoxic effects of anthracyclines, symptoms of heart
failure appear to develop suddenly, and subclinical
cardiac dysfunction also develops quite rapidly.'0"'3 In
uncomplicated cases significant dysfunction occurs when
20% to 25% of heart cells become involved.'0"3 This
"nonlinear" form of structure-function relationship
means that to be 100% sensitive, noninvasive measure-
ments of cardiac function will have to be done quite
often in order to detect the sudden functional deteriora-
tion that may result in heart failure. In "Adriamycin
equivalents" this interval is every 60 to 120 mg per sq
m, or every one to two doses. But because the dose-
morphologic damage relationship is linear,'0 when
endomyocardial biopsy is the means used to guide
therapy this test need not be done as often, as "con-
fidence intervals" of 100 to 200 mg per sq m can be
given.3 Moreover, as noted by Saltiel and McGuire,
endomyocardial biopsy is the only method of detecting
anthracycline effect at doses below the level at which
cardiac function deteriorates. Biopsy is therefore the
method of choice for evaluating analogues in phase II
trials wherein doses may not be large enough to alter
function. Morphologic monitoring, however, must use

SEPTEMBER 1983 * 139 * 3 369



EDITORIALS

glutaraldehyde-fixed specimens and electron microsco-
py, as routine light microscopy is not adequate for
detecting anthracycline effect.'4
A final point that has led to widespread interest in

this topic is the complexity of the mechanism of action
of this class of agents. The diverse cellular and sub-
cellular effects of these compounds are such that it is
difficult to give a complete review of the subject, and
some potentially important actions of anthracycline
are not included in the Saltiel and McGuire paper.
Anthracycline antibiotics intercalate with DNA and
inhibit DNA and RNA synthesis,'5 promote the syn-
thesis of free radicals,",17 inhibit the mitochondrial
respiratory chain enzyme ubiquinone,'8 alter calcium
flux,'9-22 bind to and alter the physical properties of
contractile proteins,23 alter cell surface properties24'25
including membrane fluidity,25'26 inhibit guanylate cy-
clase27 and are a potent stimulus for the release of
vasoactive or cardioactive hormones from heart and
other tissues.'2'28'29 This comucopia of effects insures
that the anthracyclines offer something for everybody's
favorite tumoricidal or cardiotoxic hypothesis. Because
of this pharmacologic complexity, the wisest approach
to the study of anthracyclines would probably be to
ban them from one's laboratory. For those of us who
do not possess such intelligence, it is important to keep
certain things in mind:

* Anthracyclines are cytotoxic drugs that affect a
wide variety of systems (see below). Accordingly, other
cytotoxic agents should always be studied as "controls"
before properties unique to the anthracyclines are
claimed. For cardiotoxicity, the most appropriate cyto-
toxic control is probably actinomycin D, which inter-
calates with DNA with similar affinity30 and has cell-
surface-perturbating properties,3' but does not possess
dose-related cardiotoxicity.

* Because peak plasma levels rarely exceed 1 ,ug
per ml when the drug is given by conventional meth-
ods32-34 and because tissue concentrations are in the
range of 1 to 5 jug per gram at periods of maximum
uptake,'2'35 it is unlikely that effects of doxorubicin or
daunorubicin at concentrations of more than 10-5 mol
per liter have any pharmacologic meaning. Accord-
ingly, only in vitro studies that examine effects of
micromolar concentrations of anthracyclines should
receive any serious attention. Indeed, because of their
multiple modes of action and general cytotoxic effect,
a cellular process not affected by concentrations of
doxorubicin of more than 10-5 mol per liter would
probably be reportable.

* Multiple lines of evidence point to effects on the
cell membrane as being crucial to the tumoricidal and
cardiotoxic actions of the anthracyclines. A doxorubi-
cin-agarose conjugate that does not enter the cell re-
tains full tumoricidal properties in L1210 cells,36 and
effects of doxorubicin on membrane fluidity can be
correlated with relative cytotoxicity.26 From the point
of view of cardiac cells, the sarcolemma plays an
extremely important regulatory role and perturbations

in it may be expected to promote cellular damage.37
Evidence that anthracyclines exert a major effect on
the sarcolemma include their effects on membrane
fluidity in other cells,24-26 calcium flux,20-22 guanylate
cyclase27 and release of vasoactive or cardioactive sub-
stances.'2'28'29 The effect of anthracyclines on intact cell
membranes or on isolated membrane preparations
is therefore likely to be a fertile area for future studies.

0 In intact tissue anthracyclines may not act by a
single mechanism, or at least not exclusively by the
mechanism being investigated. There are ample data
to suggest that both the tumoricidal properties and the
cardiotoxicity of anthracyclines are multifactorial pro-
cesses, and more attention should be given to inter-
active mechanisms. For example, antitumor effects may
potentially involve the property of DNA intercalation,'5
cell surface properties,24'26 stimulation of free radical
synthesis'5"6 or even release of vasoactive sub-
stances.3839 Such multifactorial mechanisms of action
may create the potential for "combination chemother-
apy" within a single agent-one possible explanation
for the extraordinary efficacy of this class of compounds.

There is also evidence that multifactorial processes
may extend to the mechanism of cardiotoxicity, in that
partial but not total protection against cardiac damage
may be produced by interference with a number of
putative pathogenetic mechanisms. Some of these in-
clude prevention of free radical formation,40'4' admin-
istration of coenzyme Q,042-44 blockade of the effects
of or inhibition of the release of cardiac histamine and
catecholamines,'2'29 blockade of transsarcolemmal cal-
cium flux45 and reduction of peak plasma levels by
dose-schedule modification.6 The characteristic quality
of the myocardial lesion produced by the anthracy-
clines5 does not necessarily argue for a simple, singular
cytotoxic site of action, but rather may be better ex-
plained by a unique interactive process involving more
than one of the proposed cardiotoxic mechanisms. For
example, interactive cellular mechanisms of cardio-
toxicity might include alteration of the cell membrane
and effects on cell surface receptors, including calcium
channels; release of cardioactive substances would
"summate" with anthracyclines at this locus, producing
a cytotoxic increase in calcium flux. At the same time
inhibition of cyclic guanosine monophosphate (GMP)
synthesis might amplify adenosine 3':5'-cyclic phos-
phate (cAMP)-mediated effects of anthracyclines and
cardioactive hormones, stimulation of free radical syn-
thesis would increase the membrane perturbation and
inhibition of coenzyme Q,o would increase the sensi-
tivity to calcium overload-mediated mitochondrial
injury. Finally, inhibition of protein synthesis would
then impede repair of cell damage. It should be
remembered that cells are not isolated enzyme systems,
nuclei or membrane preparations, but instead are the
delicate interplay of a multitude of processes. In that
sense the simultaneous study of multiple isolated sys-
tems or the study of intact cells or tissue may yield
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more realistic results than the investigation of single,
isolated systems.

Because of these complexities, continued study of
the tumoricidal effects or mechanisms of drug resis-
tance of this extraordinary class of compounds is cer-
tain to provide information of general significance in
the field of cancer chemotherapy, just as the study of
cardiotoxic mechanisms will continue to provide clues
to the pathogenesis of other types of heart muscle dis-
ease. For these reasons and because of the paramount
importance of the anthracyclines in cancer chemother-
apy, we should continue to vigorously investigate the
mechanism of action of these compounds with an open
mind toward the ultimate conclusions.

MICHAEL R. BRISTOW, MD, PhD
Assistant Professor
Cardiology Division
Department of Medicine
Stanford University Medical Center
Stanford, California
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